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SINGLE PROCESSO MULTIPROCESSOR  MIN. INSTRUMENT PROCESSOR

7
N,

* Processor Independent
« Upgradeable
+ Maintalnable
* Interchangeable Modules
« Can Be Easily ,
Configured To Different Architectures
- Single String £
- Dual String
-TMR
- Muttiprocessors
- Distributed
- NonDistributed
- Others :
- CPU Module Inheritance from AFC
- Modules Within Manufacture Capability
: Of Several Vendors
i - LORAL
oo - HUGHES
= - nChip
- Others
.Design Consists of Several Standard
Features
-Module Size
- Interconnect Bus
- Interconnect Method

High Speed Serfal Network
ault Tolerant

1553, FDD], etc
Spacecraft Example

(Distributed Architecture)

N

Gary. Bolotin
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The Space-Cube |
Architecture

Why Modularize?

« Can Take Advantage Of Commercially Available
Products
Resulting System Is Easier To Maintain and Repair
Encourages:

— Standard Designs

— Hardware/Software inheritance
Modules That Are Used Frequently Enough To
Justify The Cost Can Be Miniaturized (i.e. MCM
ASIC).
Smaller Modules Are Easier To Manufacture




The Space-Cube
Architecture

Why Stack Modules?

« Resulting Volume Is More Compact

- Interconnect Wire Length Is Minimized
« More Structurally Sound

- The Space-Cube Architecture Is Possible




Road Map For The Future

Stacked
PWBS
Hybrid of
Stacked
MCMs &

OoP

- o

Stacked

Dies MCMs




MODULE PACKAGING

Module

Interconnect

Ring N\ T T I

AN

-Power Vector

- BUS Vector
BUS

FEATURES

.Regular Polygon (i.e. Triangle, Square, Hexagon, Octagon, €tc.)

. Stackable




( Interconnect Rings )

/ ronconductive £ ; col e henconductive
o o
2 o
3 a s 2 3 E
3 2 3
g 2 g
a 2 é a
c F €
noncondud | ” noncondud
MR & ne

Available Flavors

Trace

Moduls
A e

Whrssssssesiiil

7
e

Radlio Shack Quality Connector Shown
For Conceptual Purposes Only

FEATURES

.Provides The Interconnection Between Modules
.Single Bus per Side
.Flexible Interconnection

.Busses May Be Selec_tiveIP/ Conducted Or Broken
.Each Flavor allowed in al 4 possible orientations
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CPU

CPU

RAM

EEPROM

Bus
Interface

&P srace-eus

N A¥4
Internal Bus
( DRAM )
N
0 N
DRAM DRAM Bus
° 0 Interface '0 SPACE-BUS

Internal Bus
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( Single String Example

\

Memory

CPU

>

FEATURES

- Single String Architecture
.Nothing New Here




[ Single String Example

Memory

chU

/0

/0

FEATURES

.Single String Architecture
.Nothing New Here
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( Dual String

Example )

Sci /0

NOTE: 1).FDU controls gateway.
2). Gateway and FDU can be mergedinto one module.
1 3. Redundant fdus anc gateways could be used.

Memory Memory

/0

Eng 170

r
'

Critical 1/0 Sci 1/0

( FEATURES

CAll With

0 Crossing Wires!!!

.Dud String Architecture Each With Own Bus

Ott 16, 1994; interoffice Memorandum; Savio Chau: An Optimal Architecture for Pluto Fast Flyby




4
( Dual String Example )

Memory Memory
— CPU - CPU
1
170 /70
Eng Critical 170 Sci /0

(-

" FEATURES

- Dua String Architecture; Each With Own Bus
- All With No Crossing Wires!!!

\ Ott 16, 1994; Interoffice Memorandum; SavioChau: An Optimal Architecture for Pluto Fast Flyby




4 Dual String Example )
n ]
lMemory | Memory

- opu 4 cpu
|
‘ 1/0 1/0
. I
! L } | (
Y Y {

Eng /0 Critical 1/0  Sci 1/0

FEATURES

. Dual String Architecture; Each With Own Bus
- All With No Crossing Wires!!!

\_ Ott | 6, 1994;Interoffice Memorandum; Savio Chau: An Optimal Architecture for Pluto Fast Flyby




( Dual String Example )
Memory Memory
Eng 1/0
B - e
Critical 1/0
,,-,1v,'!/o‘jj’ 170 ‘
Eng /0 Critical 1/0  Sci 1/0
FEATURES

- Dua String Architecture; Each With Own Bus
- All With No Crossing Wires!!!

Ott 16, 1994; Interoffice Memorandum; Savto Chau:AnOptimalArchitecture for Pluto Fast Flyby




( \

Dual String Example )

N

Eng 1/0

Critical I/0

ChU

Eng 1/0 Critical 1/0 Sci /0

FEATURES

.Dual String Architecture; Each With Own Bus
« All With No Crossing Wires!!!

Ott 16, 1994; Interoffice Memorandum; SavioChau; AnOptimal Architecture for Pluto Fast Flyby




Dual String Example )

Memory Memory
Eﬂg 170 l u
| cpy | cpy
N—— Critical 1/0
— |
t/Q /0
Eng /0 Critical /0 Sci 1/0
FEATURES

.Dual String Architecture; Each With Own Bus
.All With No Cross ng Wires!!!

Ott 1o, 1994, Interoffice Memorandum; Savio Chau: An Optfmal Architecture for Pluto Fast Flyby




[ Dual String Example )

Memory Memory
Eng 170
PW|
N7
L0 o= § —
Sy . 4 CDUJ — CpyU
cpy Y et
CPU — Critical 170
j&
B -
/0 170
LA. AT
o #
Eng 1/0 Critical 1/0 Sci 1/0
FEATURES

.Dual String Architecture; Each With Own Bus
.All With No Crossing Wires!!!

Ott 16, 1994; Interoffice Memorandum; SavioChau; An Optimal Architecture for Pluto Fast Flyby




jiisedIm Buissold oN UHM IV -
sng umQ YUM Yoe3 fainjoenyody buryg jerqg -

SoHNIwmsA

O/1 12§

} }

ol 180}314D

0/) bu3

3au

o | Bu3

0

aldwexg bunis jeng




: R
[ Dual String Example J
Igemory Memory
Eng 1/0 & B
i CDU
Critical 1/0
Sci 1/0 ;’.
Eng 1/0 Critical 170 Sci 170
FEATURES )
. Dua String Architecture; Each With Own Bus
- All With No Crossing Wires!!!

Ott 16, 1994; Interoffice Memorandum; SavioChau: An Optimal Architecture for Pluto Fast Flyby W,




( Dual String Example

)

Memory:

Memaory

L oo

Eng /0 Critical 170  Sci 1/0

FEATURES

.Dual String Architecture; Each With Own Bus
.All With No Crossing Wires!!!

Ott 16, 1994: Interoffice Memorandum: SavioChau: An Optimal Architecture for Pluto Fast Flvby

I\




( Dual String Example )

Memory Memory

Critical 1/0

Sci /0

] L
|

Eng 1/0 Critical 1/0  Sci 1/0

NOTE: 11), FDUcontrols gateway.
2) GatewayandFDUkan be merged {nto one module.
| 30 Recdundant “dus and gateways couid be used

FEATURES

.Dual String Architecture; Each With Own Bus
.All With No Crossing Wires!!!
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( Triple Module Redundant

Memory Memory Memory
A B C
—  CPU — CPU — CPU
A B
| ——
* » Voter
i
1/0 1/0 170
A B c
A ? A 1/0
| | |
Y Y Y A
1/0 170 1/0 *
k Critical 1/0
“ FEATURES )
- Triple String Architecture
.Each String Has Its Own Bus
.Simple& Easy
\_ /




Triple Module Redundant

\
Memory Memory Memory
B C
— CPU — CPU — CPU
A B
.————
¥ Voter
T [
110 /0 170
B C
A T A 1/0
| |
Y \ \
[/0 170 1/0
Critical 1/0
ritica y
FEATURES )

. Triple String Architecture
as Its Own Bus

.Each String
.Simple& Easy




Module Redundant

(

Memory Memory Memory
A B C
— cpy — cru | H cpu
A B C
.—
¥ Voter
T I
170 170 /0
A B C
A A 1 1/0
|
\ Y
/0 170 170

Critical 1/0

Z

FEATURES

Triple String Architecture
Each String Has Its Own Bus
Simple & Easy

N




Triple Module Redundant

Memory Memory Memory
Av ol 8 C
4 cou | H cru | H cru
A B C
.—
» Voter
T [
170 170 170 |
A B C
A 1 T 1
|
| \ Y
170 170 170

FEATURES

. Triple String Architecture
.Each String Has Its Own Bus
.Simple & Easy
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( Triple Module Redundant )
-
Memory Memory Memory
[/OA
— cbu 1 H cpu | H cpu
Ao B C
—
¥ Voter
- '
/0 170 170
A B8 C
A A :
| T l /0
Y \ Y t
/0 /70 170
Critical i1/0
(" FEATURES
. Triple String Architecture
.Each String Has Its Own Bus
.Simple& Easy
-




( Triple Module Redundant )
Mem orry M evh ry Memory
Ao B C
CPU'_,, - "'C;D,U —  cpy
& B C
i Voter
j/o*~ ;ﬁj?o 1/0
Ao 5 C,
i A ? 1/0
|
t t \ ¢
170 170 1/0
Criticel /0

FEATURES

. Triple String Architecture
.Each String Has Its Own Bus
.Simple& Easy




#
C Triple Module Redundant )
~
Mémory Memory Memory
PWR. A B C
/0 A oo
1/0 B Y T I l
Gv - 43 —  CpU - Ccpu —  CPU
! i ':'*'-“g A ' E B l C I
= b d ! Voter
o T | |
/0 170 /0
A B C
A T A 1/0
t ' Y ¢
/0 170 170
Critical 1/0 J
" FEATURES \
.Triple String Architecture
.Each String Has Its Own Bus
.Simple & Easy
N »




( Triple Module Redundant )

e N\
Memo‘fy Memory Memory
A B C..
— CPU —  CPU —  CPU
A B Ci
' : ? Voter
10 o 1/0
e 9 .
T T L
Y Y \ i
/0 /0 /70
K Critical 1/0 y
" FEATURES A
.Triple String Architecture
.Each String Has Its Own Bus
.Simple& Easy
N J




Triple Module Redundant

M

emory

Ao

MéﬁHOry

B

C

Memory

cPU

CPU

Voter

M

170

f /0
l;t) i

Critical I/0

FEATURES

. Triple String Architecture
. Each String Has Its Own Bus
- Simple & Easy
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[ Triple Module Redundant )

pre——

Men ry Mer ry Memory
A 1 g g fc
1/C C -4 CpuU - oy B ey
Critical A v B 5
/0
J.I -,t Voter
?/O v j I/O -
A 507 . 170
‘ N (]
| ? f i/O
170 170 /0 '
Critical i/70
FEATURES

. Triple String Architecture
.Each String Has Its Own Bus
.Simple& EasSy




( \

Possible

Architectures

’)

v

PIPELINE

AR R AR

Memory

MIMD Cluster

Cluster

Cluster

Cluster

Multiple Clusters

1

Binary Tree

e O e and many others




The Space-Cube W
Architecture

. The Space - Cube Architecture is

Processor Independent, Upgradeable

Simple Interchangeable Modules

Can Be Easily Configured into Complex Architectures
Can Take Advantage Of Commercially Available Products
Reduces The Cabling Between Modules To Simple
Board To Board Connections




